Cultivar evaluation is one of the basic steps recommended for a given region, since the best adapted cultivars have higher yields, and success in this parameter is based on the genotype of the material and its interaction with the environmental variables. The aim of this study was to evaluate the behavior of 23 soy cultivars in the soil-climatic conditions of the south region of Minas Gerais State ( 
Introduction
At present, the soy crop has a wide geographic distribution, with cultivation present in most countries. Because of its economic value and growth potential under various conditions, this legume species has shown constant technological development, which allowed a significant increase in its yield and expansion of agricultural frontiers, among other benefits (OLIVEIRA et al., 2005) . Its importance is mostly attached to food production, as it is used in animal and human feeding, but also in biodiesel production.
In Brazil, until the 1960s decade, soy did not represent economic importance amidst other crops. However, at the end of the 60s, this crop had remarkable growth. The demand for this oil seed has risen over the years inasmuch as that China has increased its soy consumption and opened a growing market for soy producers (WESZ JÚNIOR, 2014) .
Among the annual crops planted in Brazil, soy is one of the most sensitive to environmental influences because of its high sensitivity to photoperiodism. This characteristic results in regionalized recommendations using specific cultivars (MORAIS et al., 2003) . Cultivar evaluation is one of the basic steps for the recommendation for a given region, since the most adapted cultivars have higher yields, and success in this parameter is based upon the genotype of the material and its interaction with the environmental variables (YUYAMA, 1991) .
With respect to the region of cultivation, the recommendation of a specific material should be made after trials using the largest possible number of cultivars, as this allows for a more precise selection of those adapted to the soil-climatic conditions, displaying use potential (YUYAMA, 1979) .
The south region of Minas Gerais state holds the coffee, corn and dairy farming as traditional activities. However, today, it has been directed towards soy growing, which can be an ally in the rotation of crops with corn. In this sense, the intensification of well-adapted varieties is important. The agronomic characterization of soy varieties is also necessary for recommendations to be made with greater accuracy.
In view of the lack of research of this nature in the region and in an attempt to generate bases for an adequate choice of cultivars, the present study aimed to determine the agronomic performance of soy [Glycine max (L.) Merrill] varieties in the municipality of Inconfidentes (MG), Brazil.
Material and methods
The experiments were undertaken in the experimental area of the farm at the Federal Institute of Education, Science and Technology of South of Minas Gerais, Inconfidentes Campus (MG), in the harvest season, from November to April of the years 2013/2014 and 2014/2015.
The municipality of Inconfidentes is located at an altitude of 869 m, 22º19'01'' S latitude and 46º19'40'' W longitude (FAO, 1985) . According to the Köppen classification, the climate of the region is the typical temperate type, i.e. a dry-winter mesothermal (Cwb) type. Annual temperature in the region is 19.3 ºC, and average annual precipitation is 1,411 mm (BRASIL, 1992; FAO, 1985) . Variations in average temperature and precipitation, measured every ten days over the course of the experiment, are depicted in Figures 1 and 2 . According to Souza (2015) , the soil in the experimental area is a Red-Yellow Eutrophic Latosol (Brazilian soil taxonomy) of clayey texture. This area had been cultivated with corn for several years and was lying fallow since the previous summer and covered with weeds, which were mowed and incorporated into the soil during its preparation.
The following results were obtained in the chemical analysis of the 0-20 cm depth in the 2013/2014 harvest: organic matter = 4.14 g. The area intended for planting was prepared according to the conventional cultivation system, plowed once and disked twice. Subsequently, furrows were dug with a spacing of 0.5 m between rows. Soil amendments and fertilization were applied as recommended by the Committee of Soil Fertility of Minas Gerais State (RIBEIRO; GUIMARÃES; ALVAREZ, 1999) ; the fertilization applied in the planting furrow contained the 02-30-20 formula and was followed by topdressing with potassium chloride.
Seeds were planted on November 22, 2013 and November 28, 2014. These seeds were inoculated with Bradyrhizobium japonicum using the Nitro 1000 ® peat inoculant at the ratio of 1,200,000 bacteria per seed. Seeding was performed manually, and thinning was carried out 25 days after germination, attempting to maintain 12 plants per linear meter (corresponding to 240,000 plants ha -1 ). At stage V4, molybdenum (30 g ha -1 ) was applied onto the leaves. At 35 days after seeding, the area was topdressed with 60 kg ha -1 potassium chloride. Weeds were controlled using selective herbicides.
All cultivation treatments were similar for both crop years. The treatments were implemented in a randomized-block design with three replicates. Experimental plots consisted of four 5-m rows spaced 0.50 m apart; the two central rows were used for the experimental evaluations.
At the beginning and end of each block, one row was cultivated to reduce the bordering effects. In this way, all plants in the plot underwent competition as they would in a conventional planting system.
During the development of the crop, the following agronomical variables were evaluated, following the phenological table of Fehr and Caviness (1977) : plant height (in cm) -measured from the soil surface to the insertion of the raceme of the apex of the main stalk of the plant (R8), at which we determined the average of the height of five plants sampled at random in each plot; height of insertion of the first legume (in cm), from the soil surface to the lower extremity of the first pod (R8) -determined as the average of five plants, which were where the plant height was measured; lodging index -evaluated as recommended by Bernard et al. (1965) , by classifying the plots by visual scores, as follows: 1 -all plants upright; 2 -some plants slightly lodged; 3 -all plants moderately bent (25 to 50 % of the plants lodged); 4 -all plants considerably bend (50 to 80 % of the plants lodged); and 5 -all plants lodged. Grain yield was assessed at the final maturation stage (harvest point), determined after harvesting and processing, threshing the pods and weighing the grains harvested in the usable area of each plot, with moisture standardized to 13 % and the values observed in the usable plots extrapolated to t ha -1 , using the expression below:
at which: GY = grain yield (t ha -1 ) corrected for the standard moisture of 13 %; UGY = uncorrected grain yield (t ha -1 ); M = grain moisture observed in the field (%).
The data of all variables were initially subjected to an individual analysis of variance in each experiment. With the results of these analyses, we also checked the assumption of homogeneity of variances by the Hartley test (RAMALHO; FERREIRA; OLIVEIRA, 2000), which is based on the division of the highest residual mean square by the lowest residual mean square of the individual analyses. A resulting value lower than seven was assumed as homogeneity of variances, which enabled a combined analysis of the experiments. Thus, the data of each variable, obtained in each experiment, were subjected to a combined analysis of variance involving the experiments conducted in both harvests. Means were grouped by the Scott-Knott (1974) test at 1 % and 5 % probability levels. All analyses were carried out using the Sisvar statistical software (FERREIRA, 2011).
Results and discussion
The summary of the combined analysis of variance is given in Table 1 . As shown in the table, significant differences were present for the following traits: grain yield (GY), height of insertion of the first legume (IL), plant height (PH), and lodging (LD). NS Not significant by the F test; **,* Significant at the 1 and 5 % probability levels by the F test, respectively. Source: Elaborated by the authors (2015) All variables showed significant differences for the harvest factor, except for lodging (LD), indicating that the climatic conditions in each year influenced the behavior of the evaluated cultivars in a different manner.
The main differences observed in the performance of the cultivars in the different harvests are possibly due to the water-deficit period that occurred in the 2013/2014 harvest, which might have elevated the rate of absorption and conversion of solar radiation, directly affecting the expression of traits, as shown in Figure 1 . According to Confalone and Dujmovich (1999) , soy has a constant solar radiation absorption and conversion efficiency over the entire course of the cycle, under optimal development conditions. However, in water-stress situations, this conversion ability is changed, decreasing with severe stresses and increasing with mild stresses. Based on the observed deficit period, it is noted that for the 2013/14 harvest, precipitation reached only an accumulated total of 491 mm; nevertheless, this amount of rain was sufficient to meet water requirements for the crop to complete its physiological cycle, which varies from 450 to 800 mm (EMPRESA BRASILEIRA DE PESQUISA AGROPECUÁRIA -EMBRAPA, 2013). However, a factor that might have caused the crop to be further compromised was the distribution of rain throughout the crop cycle, which occurred non-uniformly when compared with the subsequent harvest, resulting in long intervals without rain. In the 2014/2015 harvest, in turn, precipitation was better distributed throughout the crop cycle, in addition to satisfactorily meeting the water requirement of the crop with 811 mm accumulated, as depicted in Figure 2 .
The cultivar × harvest interaction effect was significant only for PH (Table 1) . As stated by Lin, Binns and Lefkovitch (1986) , the cultivar × harvest (or crop year) interaction depends on unpredictable environmental factors, e.g. occurrence of rain, Indian summer, frost and attacks of pests and diseases. Because these environmental factors occur randomly, breeders cannot minimize them; one alternative is to evaluate the average performance of cultivars in the different environments or cultivation years, which was the strategy adopted in the current study.
The classification for the coefficients of variation of experimental trials with soy depends on the evaluated trait and on the location (ROCHA et al., 2012) . The coefficient of variation (CV %) obtained in the analysis of variance of an experimental trial indicates the degree of precision for the experiment (PIMENTEL -GOMES, 1985) . Plant height showed a low coefficient of experimental variation (9.87 %). Grain yield (22.82 %) and IL (21.99 %), however, showed relatively high coefficients of variation, which can be attributed to the fact that these factors are highly influenced by the environment. As for the lodging variable, the high coefficient of variation (35.15 %) is a consequence of the high variation of scores assigned to the treatments in both years under assessment, which were within the range of 1 to 5 (Table 1) .
The significant result of the F test in the analysis of variance indicates statistical differences between the treatments. The practical validity of the tests of means used in situations with a large number of treatments is questionable; for such cases, the usual tests of comparison of means, two-by-two, are not the most suitable because they do not allow for an adequate separation of groups of means, thereby complicating the interpretation of results. The applied Scott-Knott test is aimed at clustering the means of treatments into very distinct groups by minimizing the variation within groups.
For grain yield, a variation range of 1.38 t ha -1 (23 bags of 60 kg ha Gesteira et al. (2015) for the selection of soy cultivars for cultivation in the south region of Minas Gerais in two crop years (2012/2013 and 2013/2014) , the authors found that cultivars CD 2737 (3.685 t ha -1 ), TMG 1176 (3.539 t ha -1 ), TMG 1179 (3.518 t ha -1 ) and BMX Força (3.474 t ha -1 ) had superior yields to the other evaluated cultivars and also satisfactory conditions for mechanical harvesting.
It should be noted that the grain yield trait is highly influenced by environmental factors such as moisture, temperature and especially photoperiod, which all vary with the different times of the year. High yields can be obtained when the afore-mentioned conditions allow for optimal development stages (GUIMARÃES et al., 2008) .
According to Evans (1993) , the grain-yield potential can be defined as the production of a cultivar in an environment to which it is adapted, without soil-climatic or nutritional limitations, free of the action of pests and diseases, and with the other stressing agents effectively controlled. In this scenario, relevant factors might have negatively influenced yield in this experiment, especially concerning the supply of water to the plants, since the 2013/2014 crop year was considered atypical due to the high temperatures and low rainfall during the experimental period.
The soy crop is strongly influenced by climatic factors (temperature, light, precipitation, among others); therefore, the harvest effect was expected to be significant and to influence the average grain yield of the experiments, since the climatic conditions oscillated considerably from one year to the other, as it was shown in Figures 1 and 2 .
Thus, the average GY obtained in the 2014/2015 harvest was superior by 71 % in comparison with the 2013/2014 harvest (Table 3) . This was mainly due to the greater precipitation occurring in the 2014/2015 crop year (811 mm) as compared with 2013/2014 (491 mm), in addition to a more uniform distribution of the rain from pre-planting to harvest. However, these differences were expected, since there are reports in the literature (MEOTTI et al., 2012) confirming the effect of crop year or harvest in the soy crop.
Three groups were formed for IL (Table 4) , with an average variation of 13.47 to 30.96 cm, corresponding to cultivars CD 250 and BRS MG 780 RR, respectively. Scott-Knott (1974) test at the 5 % probability level. Source: Elaborated by the authors (2015).
According to Marcos Filho et al. (1989) , the cultivar chosen for cultivation in a given location should have the first legume at a height from 10.0 to 12.0 cm; however, for most conditions found in soy crops, the most satisfactory height is around 15.0 cm. Therefore, all the cultivars evaluated here had an IL suitable for mechanized harvesting, which would prevent possible losses during the harvest. Rocha et al. (2012) declared that cultivars with an IL higher than 15 to 20 cm facilitate the harvest and have fewer losses, but they may also have a lower yield. This was not true for the present study, at which cultivar CD 250 showed the lowest IL (13.47 cm) and obtained the lowest yield of all cultivars assessed (1.54 t ha -1 ). Environmental factors or cultivation treatments affecting plant height can also influence the height of insertion of the first pod (SEDIYAMA et al., 1972) .
In the opinion of Bruscke et al. (2007) , late planting or early cultivars usually originate shorter plants than they would at the time deemed ideal for planting. As a consequence, the height of insertion of the first legumes also tends to decrease.
In this way, it is important to observe that a good portion of the cultivars evaluated here are classified as early or semi-early, which may explain the fact that the 2013/2014 harvest had plants with a greater IL, since this crop was planted on 11/22/2013, while in the following harvest the soy was planted on 11/28/2014 (Table 5) . The harvest × cultivar interaction effect was significant only for the plant height variable (Table 6 ). Plant height is an essential trait in the determination of a cultivar to be introduced in a region, since it is correlated with grain yield, weed control and losses during mechanized harvesting. Variations in PH can be influenced by the time of seeding, spacing between and within rows, moisture supply, temperature, soil fertility, photoperiodic response of the cultivar and other environmental conditions (ROCHA et al., 2012) . Rezende et al. (2007) considered a PH between 60 and 120 cm suitable for mechanized harvesting, resulting in no losses or damage. Based on this information, all the evaluated cultivars are observed to be within the range recommended by those authors, irrespective of the harvest, which demonstrates the adaptation of these materials to the south region of Minas Gerais.
Lodging has a fundamental importance in the selection of cultivars, considering that it can cause losses during mechanized harvesting. Scores from 1.00 to 2.33 were observed for this variable. The cultivar that obtained the highest lodging index was TMG 123, with 2.33 (Table 7) . Scott-Knott (1974) test at the 5 % probability level. Source: Elaborated by the authors (2015).
Seven cultivars were assigned score 1.0, corresponding to all plants upright, thus considered adapted to the region. In both harvests, the cultivars behaved in the same way, without significant differences for this variable in relation to the crop year.
For Shigihara and Hamawaki (2005) , lodging directly affects the performance of harvesters, since lodged plants mean losses in grain yield due to the inability to harvest them, in addition to possible losses stemming from the direct contact of the soil with the pods, with appearance of fungi and pests.
According to Rocha et al. (2012) , lodging is a trait highly influenced by the type of soil and by the plant development conditions. In general, soy plants lodge more in fertile and heavy soils, with abundant moisture, than in light and sandy soils. Another point to be taken into account is plant height. Taller plants usually lead to a higher lodging index because of their finer stems, which renders them more prone to lodging due to the action of wind, as was observed for cultivars TMG 123, TMG 1181 RR, TMG 1176 RR, TMG 1174 RR, Monsoy 7211 RR, and BRS MG 780 RR, which displayed the highest scores for lodging, ranging from 1.66 to 2.33 (Table 7) , and also PH greater than 80 cm (Table 6 ).
The analysis of the data obtained in this study reveals that the cultivars have potential for good adaptation to the region when associated with a low degree of lodging, given that the highest score for this variable was 2.33, which corresponds to only a few plants lodged or bent.
Conclusion
In the studied conditions, five cultivars were identified as having the best agronomic performance for the municipality of Inconfidentes (MG), with an average yield higher than 2.4 t ha -1 (40 bags of 60 kg ha -1 ): TMG 1179 RR, NA 7200 RR, CD 2737, CD 237 and BRS MG 760 SRR. These five varieties have satisfactory features for mechanical harvesting.
Desempenho de cultivares de soja na região sul de Minas Gerais, Brasil

Resumo
A avaliação de cultivares é um dos pontos básicos para a recomendação para determinada região, pois as mais adaptadas apresentam maiores níveis de produtividade e o sucesso em relação a esse parâmetro é condicionado pelo genótipo do material e pela sua interação com as variações ambientais. Objetivou-se com este trabalho avaliar o comportamento de 23 cultivares de soja nas condições edafoclimáticas da região sul de Minas Gerais no município de Inconfidentes (MG). Os caracteres avaliados foram produtividade de grãos, altura de plantas, altura de inserção do primeiro legume e acamamento. 
